variability in the climate system is important, as such variability could exacerbate or ameliorate the impact of climate change in the near future. Further, large magnitude variability may require revisiting the types and magnitudes of imposed forcings thought to be responsible for the observed 20 th century climate trajectory (12) . More ominously, a climate with large magnitude natural long-term variability in general is a climate very sensitive to imposed forcings, raising concerns about extreme impacts due to future climate change (13) .
Due to its large heat capacity, the ocean is the likely source of natural long-term climate variability on interdecadal time scales. The oceans can impact global mean surface temperature in several ways; directly, through surface fluxes of heat, or indirectly, by altering the atmospheric circulation and impacting the distribution of clouds and water vapor. However, our understanding of how the ocean impacts the global mean surface temperature is strongly limited by available observations, which historically have consisted PNAS [in press] 3 primarily of sea surface temperature (SST) measurements.
The desire to optimally utilize these SST observations suggests a two-stage approach to objectively quantify the role of internal variability in the 20 th century climate trajectory. The first step requires linking SST anomalies to anomalies in the global mean surface temperature. Climate models provide a means to derive such a link, under the assumption that the current generation of climate models captures the essence of the signature of oceanic variability on the global mean temperature. To see that this is the case, we consider annual mean surface temperature fields extracted from 10 multi-century preindustrial control climate simulations, each derived from independently constructed models containing coupled ocean-atmosphere dynamics and advanced physical parameterizations.
Such control simulations provide an ideal laboratory for testing ideas about internal variability in the climate because by definition all variability in these simulations is considered to be internal.
From these simulations, we consider the annual mean global mean temperatures and residual anomaly sea surface temperature (RASST) fields (9) . Construction of the RASST fields involves first removing the climatology from a given point, as usual for the construction of anomaly fields, and then removing an appropriate global mean value as well. The rationale behind this is that there is no reason why natural long-term variability should be orthogonal to a global warming "mode" that inevitably dominates an empirical orthogonal function decomposition of 20 th century fields. The global mean removed here is the mean SST averaged from 60˚S to 60˚N. Since RASST fields have zero global mean, they have no trivial link to the global mean temperature.
We apply a partition of 30˚ latitude by 60˚ longitude to these RASST fields, Significantly, the models appear to be consistent in their predicted global mean surface temperature response to RASST anomalies. Figure 1a shows the various models' It is possible that oscillatory interdecadal patterns of RASST might be forced as well, perhaps representing some lagged feedback process in the models and in observations.
If our technique is confounded by a lagged feedback of some sort, there should be substantial departures of the mean model inferred global temperature from zero, indicating the presence of a forced signal. The shaded area in Fig. 2b shows the 10-90% confidence intervals for the global temperature signal associated with higher order, oscillatory discriminants taken from the same ensemble of climate simulations as above. The model mean is indistinguishable from zero for the entire 20 th century. Hence, at least in the models, these higher order discriminants describe internal RASST variability.
The lack of a forced SST-associated oscillatory signal in models suggests global temperature anomalies inferred from higher order observed RASST discriminants should signify internal variability. The heavy line in Fig. 2b shows the global temperature anomaly associated with these observed oscillatory discriminants consists of an interdecadal global mean temperature fluctuation effectively identical to that in Figure 1a . This oscillatory signal is inconsistent with the model-estimated envelope, as models appear to underestimate inter-decadal variability by a factor of roughly 3 compared to the observations. This suggests that the current generation of models has difficulty reproducing important aspects of the observed spatio-temporal character of inter-decadal variability (18) .
The lack of an oscillatory model signal suggests that the inter-decadal global mean surface temperature signal derived from the observations and shown in Figures 1a and 2b Global mean surface temperature associated with higher order oscillatory discriminants.
The model mean is indistinguishable from zero throughout the 20 th century, suggesting that the observed higher SST discriminants describe internal variability. The underestimation of modelled versus observed inter-decadal variability is apparent. 
